Background: Human papillomavirus (HPV) infections have been linked to a subset of oral and oropharyngeal cancers. However, little is known on the natural history of oral HPV infections. We designed the prospective Finnish HPV Family Study to assess the dynamics of HPV infections in parents and their infants. This study reports HPV genotype distribution and virus persistence in oral mucosa of the mothers.
Introduction
Emerging evidence points to a causal role for human papillomavirus (HPV) in oral carcinogenesis [1, 2] . Natural history of oral HPV infections is poorly understood, and data on the HPV-genotype spectrum in the oral mucosa are scarce. Both lowrisk (LR) and high-risk (HR) HPVs have been found in asymptomatic infections as well as in benign and malignant oral lesions [3] .
Cross-sectional studies on asymptomatic oral HPV-infection report conflicting results on HPV-DNA prevalence, ranging from 0% to 81% with the mean of approximately 11% [4] [5] [6] [7] [8] [9] [10] [11] . HPV16 seems to be the most prevalent genotype, but HPV 12, 18, 53 , and 71 have also been reported [7, 8, 9, 12] . Based on a recent metaanalysis on 1,885 cases of oral cavity cancer and 2,248 oral control samples, HPV was found in 33.7% of all cancer samples, compared with only 12% of the control samples [13] .
Only a few prospective studies on oral HPV-infections are available. Kurose et al. (2004) found HPV-DNA in 0.6% of oral scrapings from 662 subjects and two of them had a persistent infection over two years [12] . This is much less than recently reported in our family cohort, where 9% of the parents had persistent oral HR-HPV-infection [10] . In another recent study, 15% of 136 HIV-negative individuals had oral HPV-infections, and 60% of these infections persisted for at least six months [14] . The following risk factors of persistent oral HPV-infections have been identified: current smoking, age above 44 years, practicing oral sex, and hand warts [14] [15] .
The Finnish Family HPV Study was designed to elucidate the dynamics of oral and genital HPV-infections within families [10] . In the present report, point prevalence and persistence of oral HPV-infections are presented at the genotype level during the 6-year follow-up. The predictors of persistent species 7/9 oral HPV infections were also analyzed in univariate and multivariate models. The association of persistent infections with the development of clinical oral lesions was assessed at the study endpoint.
Materials and Methods

Subjects
The Finnish Family HPV Study is a prospective cohort study conducted at the Turku University Hospital and the University of Turku. The study protocol and its amendment (#2/1998 and #2/2006) have been approved by the Research Ethics Committee of Turku University Hospital. Altogether, members of 329 families were enrolled, comprising 329 mothers, 131 fathers and 331 newborns as described in detail previously [10] . The women were originally enrolled in the cohort at 36-weeks (minimum) of their index pregnancy and subsequently followed up (FU) for 6 years. An informed consent in written was obtained from all participants at the first visit. The present analysis is focused on oral HPVinfections among the 324 mothers who had oral swabs available. The mean age of the women was 25.5 years with a range of 18 years to 46 years (median 26.0 years). The flow chart of the present study is shown in Figure 1 . Demographic data were collected with structured questionnaires at baseline and during FU ( Table 1) .
Samples
Oral scrapings for HPV-testing were taken at baseline as well as at 2, 6, 12, 24 and 36-month and 6-year FU-visits. Oral scrapings were taken with a brush (CytobrushH, MedScan, Malmö, Sweden) from the buccal mucosa of both cheeks as well as the upper and lower vestibular areas. The brush was immersed in 80% ethanol and then immediately frozen and stored at 280uC until use. Cervical samples were collected as described earlier [10, 16] .
HPV genotyping
HPV-DNA was extracted from the oral scrapings with the high salt method as described previously [17] . Originally HPV-testing for the presence of any HR-HPVs was performed using nested PCR with MY09/MY11 as external and GP05+/GP06+ as internal primers [18] . The PCR products were hybridized with a digoxigenin-labeled HR-HPV-oligoprobe cocktail (HPV-types 16, 18, 31, 33, 35, 39, 45, 51, 52, 54, 56 and 58) to determine whether the samples were HR-HPV-positive (+) or -negative (2) [19] .
HPV genotyping was performed with a Multimetrix kitH (Multimetrix, Progen Biotechnik GmbH, Heidelberg, Germany) which detects 24 LR-and HR-HPV-genotypes as follows: LR-HPV6, 11, 42, 43, 44, and 70; and HR-HPV16, 18, 26, 31, 33, 35,  39, 45, 51, 52, 53, 56, 58, 59 , 66, 68, 73 and 82. The earlier nested PCR products to detect any high risk HPVs was biotinylated by reamplified with GP05+/bioGP06+-primers. The assay was performed in half of the volume given in the protocol in all steps except the final one. The labeled hybrids were analyzed with a Luminex LX-100 analyzer (Bio-Plex 200 System, Bio-Rad Laboratories, Hercules, USA). A median fluorescence intensity (MFI) of at least 100 beads was computed for each bead set in the sample. The cut-off value for each run and HPV-type was 1.56 background MFI (negative control)+5MFI.
If any sample was positive for HPV16, then the protocol was repeated from the original sample using nested PCR and a beadbased HPV16 genotyping assay [20] . This assay was performed to rule out possible contamination with HPV16 during the previous tests due to several amplifications and the frequency of HPV16 in different samples.
Statistical analysis
All statistical analyses were run using the SPSSH (SPSS, Inc., Chicago, USA) and STATA (Stata Corp., College Station, TX, USA) software packages (PASW Statistics for Windows, version A generalized estimating equation (GEE) analysis was used with panel data, clustered by women-ID and run using populationaveraged (PA) model [21] [22] . The dependent variable was binomial (persistence: yes/no), and hence, the logit link function was used. The independent within-group working correlation structure was the best-fitted covariance pattern, defined by QIC (Quasi-likelihood Information Criterion) [22] . In all models, the robust variance estimator (of 95% CI) was used to account for the Table 2 . The genotype-specific point prevalence of oral HPV infection in women followed for 6-years. within-subject correlation. In univariate GEE-models, we first tested all covariates recorded at baseline and previously implicated as potential risk factors for HPV-infections in this cohort [10] . In the final multivariate GEE-model, only the variables that were significant in the univariate model were entered, adjusted for age (continuous variable). All statistical tests performed were two-sided and declared significant at the P-value,0.05 level.
Clinical examination
At the 6-year visit, a careful examination of the oral mucosa was performed for 179 women by two dentists (JW and LW). Mucosal changes were recorded and photographed using a digital intra-oral camera (Planmeca Oy, Helsinki, Finland). All lesions in the skin of the face and hands (e.g., warts) were also carefully inspected and photographed.
Results
Type-specific point prevalence
The point prevalence of oral HPV infection varied from 15% to 24% during the 6-year follow-up. Totally, 18 different HPV genotypes were identified in oral mucosa. Of these genotypes 12 HPV types were present as single infections ( Table 2) . Six additional HPV types were detected as part of the multiple type infections; i.e. HPV types 35, 39, 51, 52, 53 and 57. During the follow-up totally 48 multiple type infections were detected and HPV16 was present in 79% of them. Table 2 presents the HPV genotype specific point prevalence at each FU-visit. At baseline, 17% (n = 55) of the oral samples tested HPV-positive. The single most frequent genotype was HPV16 at 10.5% (n = 34), followed by HPV6 at 2.2% (n = 7) and HPV66 at 0.9% (n = 3). Multiple infections comprised 1.5% (n = 5). HPV16 was present in all of these multiple infections.
At the 2 nd visit (median: 2.5 months), the HPV-prevalence increased to 21.7% (n = 65); it increased even further by the 3 rd visit (6.7 months) to 24.1% (n = 70). At the 4 th (12.9 months) and 5 th (25.1 months) visits, the overall prevalence slightly decreased, but multiple infections increased from 3.1% (n = 9) to 5.6%. At the time point of 37.3 months, the overall prevalence decreased to the level of 15.6% (n = 41) with HPV16 comprising 12.2% (n = 32). After 6 years (77.9 months), HPV-prevalence was unchanged at 15.1% (n = 27), with HPV16 comprising 13.4% (n = 24) of these infections. Multiple infections decreased to the baseline level, 1.7% (n = 3). Species 9 was the most frequent HPV-species through the 6-year FU, followed by species 10 and 7.
The duration of viral persistence
Totally, genotype specific oral HPV-persistence was found in 20 women (6.1%) when the HPV-positivity only of the baseline and last sample was regarded as selection criteria. However, during the follow-up 74 women were identified who had two or more consecutive follow-up samples positive for the same individual HPV genotype as a single or as a part of multiple infection ( Table 3 ). HPV6 and 16 were the only genotypes shown to persist in more than two women with means of 20.2 months (n = 7) and 18.6 months (n = 56), respectively. Multiple infections persisted for nearly the same time: 18.3 months (n = 6, range 4.3-46.5). Infections by species 10 genotypes persisted longer than species 9 infections, at 24.6 months (n = 8, 2.4-75.8 months) and 18.4 months (n = 58, 2.1-81.2 months), respectively.
Predictors of species-specific persistence
In the univariate GEE-model, being seropositive for LR-HPV at baseline increased the risk of persistence (P = 0.021; OR = 0.49, 95% CI 0.27-0.89 for seronegative women), whereas the second pregnancy during FU (P = 0.001, OR = 0.30, 95% CI 0.15-0.60) decreased the persistence ( Table 4 ). In the multivariate GEE model adjusted for age, these two variables maintained their significance, and an additional predictor was disclosed: the use of oral contraceptives (P = 0.025, OR = 0.29, 95% CI 0.10-0.85), which decreased the risk of persistence.
Clinical examination
At the 6-year FU-visit (n = 181), clinical oral lesions were found from 56 (31.3%) women. The most common clinical findings were lumps (n = 8, 14%), hyperplasia (n = 7, 13%), hyperkeratosis (n = 6, 11%), and papilloma (n = 5, 9%). Oral scrapings tested HPV-positive in 28.6%, 28.6%, 100% and 40%, of these women, respectively. The results of oral HPV-testing in women with hyperplastic lesions are summarized in Figure 2 . Taking all oral lesions together, a statistically significant association was found with smoking during pregnancy (P = 0.002, OR = 4.4, 95% CI 1.7-11.6), smoking and the use of oral contraceptives (P = 0.050), and consuming meat (P = 0.009), but there was no statistically significant association between all oral lesions and HPV-DNAdetection.
Discussion
Persistent HR-HPV-infections are the single most important risk factor in cervical carcinogenesis and have been recently implicated in oral and oropharyngeal carcinogenesis as well [1, 13, 23] . Until now, there have been practically no data on HPVgenotype distributions or their persistence in the oral mucosa. Similarly, the risk factors for the acquisition and persistence of oral HPV-infections are completely unknown. This study is among the first to report HPV-genotype-specific infection in the oral mucosa and is the first to assess the outcome of these infections at the genotype level in a longitudinal setting with 6 years of FU. For the first time, these longitudinal HPV-data are also linked with the development of clinical lesions in the oral mucosa during this observation period.
Before delivery, 17% of the mothers-to-be had HPV-DNA in their oral samples. This prevalence is much higher than that (2.5%) previously reported among pregnant women [24] and also exceeds the average of 11-12% determined from the literature [5] [6] [7] [8] [9] . These substantial variations in HPV-detection rates can be explained by several factors, including the sampling site, sampling method and most importantly HPV-testing techniques as evident from the data presented in Table S1 , which is based on three extensive reviews on the literature and 14 recent original articles. Biopsy samples from normal mucosa have resulted in higher HPV detection rate than oral rinse samples. Oral rinse is currently widely used but it is more difficult than scrapings in controlling the quality and quantity of the collected cells. The amount of cells in oral rinse varies depending on the gurgling force and the health of oral mucosa including periodontal health (e.g. grade of inflammation). Furthermore, the origin of the HPV positive cells in rinse would remain unknown. One has to remember that saliva might contain even one to 10 million microbes per one gram which easily lead to the fact that most of the DNA in the rinse sample can even be bacterial DNA, especially when the storage has not been the correct one. Also the use of several primer combinations has increased the HPV detection rate as evident from Table S1 . Here we used nested PCR which was reamplified for biotinylation increasing the sensitivity of the test significantly as also found in other studies presented in Table S1 . To exclude HPV 16 contamination all HPV16 positive samples were retested using the original DNA and nested PCR. The DNA was extracted with high salt method [6] and thus of good quality. Also the HPV genotyping method was sensitive (Multimetrix assay) and detected 24 different genotypes which is more than in most of the earlier studies. We also collected the samples from non-keratinized oral mucosa to ensure the yield of nucleated cells. Furthermore, the samples were stored in 80% alcohol at 280C to minimize the oral bacteria load in the sample. In the present cohort, HPV16 was the single most frequent genotype in oral mucosa at all-time points, followed by multipletype infections. This finding is in agreement with previous reports [5, 12, 14] . It was also evident that in the oral mucosa, the HPVgenotype spectrum was similar as encountered in the genital tract Table 4 . Predictors of species 7 and 9-specific persistent* oral HPV infections in GEE modeling 1 run in a univariate mode and as adjusted for significant covariates. [16, 24, 25] . However, LR-HPV types were more frequent in oral samples than is usually reported in the genital tract. In this same cohort, the most frequent genotypes in the cervix were HPV16, followed by HPV6, 45, 43, 58 and 70 as reported earlier [16] . In the oral mucosa, the following genotypes were found in decreasing order of frequency: HPV16, 6, 18, 56, and 66. Altogether, six HPV-genotypes were found to persist in 21% of these women. HPV16, followed by multiple-type infection as well as HPV6, were the most frequent genotypes to persist. According to our preliminary 2-year FU-data of this cohort, 9% of the mothers and fathers had persistent oral infection by HR-HPVs [10] . The present data indicate that extending the FU by 4 years revealed substantially more persistent infections. However, the prevalence of HPV persistence is totally depending on the definition of HPV persistence and follow-up time. D'Souza et al. (2007) reported that 60% of oral infections persisted at least 6 months (two visits) in a cohort of 136 women, which seems very high to us as compared with the present long-term longitudinal study [14] . One obvious reason for this finding is the dynamics of HPV-infections: viral clearance takes longer than 6 months, and only a minor proportion of clearance events can be detected within a 6-month FU-period [14] .
Oral sex has often been implicated among the risk factors of oral HPV-infections [26] [27] . We were unable to confirm this notion in the present study, where no association of sexual habits with persistent oral HPV-infection could be determined. Our cohort is different from many other cohorts as the women here were pregnant at baseline and had a very stable relationship with their spouses during the follow-up. Seropositivity of a woman for LR-HPV at baseline increased the risk of persistent species 7/9 oral infections. The other independent predictor in multivariate GEE was the second pregnancy during FU, which decreased the likelihood of oral persistence. It is feasible to consider that there are some immunological changes that interfere with HPVinfections during pregnancy. Similarly, a history of oral contraceptive use was associated with a decreased risk of persistence of oral HPV species 7/9 infections. Oral contraceptive use, in turn, might be a surrogate for some characteristics of common low-risk sexual behavior, e.g., a stable partnership and few partners, factors which decrease the risk of persistent HPV-infections. Circumstantial evidence to support this comes from a recent analysis of this same cohort, where predictors of type-specific persistence of cervical HPV-infections were the early onset of sexual activity (,13 yrs), early initiation of oral contraceptives, smoking, and oral sex [16] . Both oral and genital HPV-infections are responsible for the total burden of HPV-carriage in the body, and the persistence of infection at these distinct anatomical sites may be interrelated.
To elucidate the clinical relevance of these persistent oral HPVinfections, all women were subjected to clinical oral inspection at their 6-year FU. Although never reported previously, such an approach gives new insights into the potential causal role of persistent HPV-infections in the development of different oral pathologies. Interestingly, all women with hyperkeratotic changes in their oral mucosa also tested HPV-positive during the FU. During this longitudinal setting, many other clinical changes characterized by mucosal proliferation were also detected among women who tested HPV-positive in their oral scrapings. Importantly, almost all of these positive cases included the HPV16 genotype as well. This leads us to hypothesize that persistent HPV16 infection in the oral mucosa is a risk factor for different types of clinical lesions on gross inspection. However, we analyzed HPV only in the oral scrapings and not from clinical lesions. Analysis of the latter would lend additional support to the causal association of HPV with these lesions.
Taken together, the Finnish Family HPV study was designed to create foundations for a better understanding of the natural history and different outcomes of oral HPV-infections at the genotype level. The present results showed that totally 18 different HPV genotypes were found in oral mucosa and HPV could also persist in oral mucosa. Because of the wide HPV-genotype spectrum which includes many rare genotypes, a significantly larger cohort will be needed to give the study enough power to conduct the risk analysis for individual genotypes. 
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